Document made available under the 
Patent Cooperation Treaty (PCT) 


International application number: PCT/GB05/000120 
International filing date: 14 January 2005 (14.01.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0400794.4 

Filing date: 14 January 2004 (14.01.2004) 


Date of receipt at the International Bureau: 17 February 2005 (17.02.2005) 


Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 



World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



The % 


Patent 


I Office 


PCT/GB 2005 / 0 0 0 1 2 0 


31 JANUARY 2005 { $ 


INVESTOR IN PEOPLE 


The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 


I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 


In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 


In accordance with the rules, the words "public limited company" may be replaced by p. I.e. , 
pic, P.L.C. or PLC. 


Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed 
Dated 26 January 2005 


An Executive Agency of the Department of Trade and Industry 



Patents Form 1/77/ 


Pi. ^is Act 1977 
(Rule 16) 



Request for grant of a patent 

(See the notes on the back of this form. You can also get 

an explanatory leaflet from the Patent Office to help youGUin 

this form) 


1. Your reference 


AWP/P70345GB00 


mm* E8S5383-#D02B82i 


The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 SQQ 


2. Patent application number 

(The Patent Office will fill this part in) 


0400794.4 


3. Full name, address and postcode of the or of LOTUS CARS LIMITED 

each applicant (underline all surnames) H ETH EL 

NORWICH 

NORFOLK NR14 8EZ 
UNITED KINGDOM 

Patents ADP number (if you know it) 


If the applicant is a corporate body, give the ^ ^ 
country/state of its incorporation 


JAN 20Q4 


4. Title of the invention 


A TWO-STROKE COMPRESSION IGNITION ENGINE 


5. Name of your agent (if you have one) BOUL c T WADE TENNANT 

"Address for service" in the United Kingdom VERULAM GARDENS 
to which all correspondence should be sent jq g RAY'S INN ROAD 

(including the postcode) LO N D O N 

WC1X8BT 


Patents ADP number (if you know it) 


'42001 


6. Priority: Complete this section if you are 
declaring priority from one or more earlier 
patent applications, filed in the last 12 months. 


Country 


Priority application number Date of filing 

, (if you know it) (day / month /year) 


Divisional, etc: Complete this section only if 
this application is a divisional application or 
resulted from an entitlement dispute (see note f) 


Numb er of earlier UK application Date of filing 

(day / month /year) 


Is a Patents Form 7/77 "(Statement of 
inventorsliip and of right to grant of a patent) 
required in support of this request? 
Answer YES if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant_is a corporate body. 
Otherwise answer NO (See note d) 


yes 


Patents Form 1/77 


Patents Form 1/77 

9. . ^nter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 

Description 18 

i 

Claim (s) 8 
Abstract 

Drawings 7 ^J^J 



tie 


10. If you are also filing any of the following, 
state how many against each item. 

Priority documents - 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination ^ 
and search (Patents Form 9/77) 


Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 


11. 

I/We request the grant of a patent on the basis of this application. 

/ /Signature — ~ Da te 
/ S^<TZ5\>^^^ 14 JANUARY 2004 

12. Name and daytime telephone number of 
person to contact in the United Kingdom " 

MRA.W. PLUCKROSE 
020-7430-7500 


After an application for a patent has been Med, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be ^informed if 'it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. ~ 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part (s). Any continuation sheet should be - 
attached to this form. - 

d) If you have answered Yes' Patents Form 7/77 will need to.be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 


Patents Form 1/77 


- 1 - 


A TWO- STROKE COMPRESSION IGNITION ENGINE. 

The present invention relates to a two-stroke 
■ compression ignition (commonly called "diesel") engine. 

5 ■ 

For use in automobiles, high speed direct injection 
(HSDI) compression ignition engines have been developed and 
have proved very successful. However, the diesel combustion 
process is inherently speed- limited . The four- stroke HSDI 
10 diesel engines currently available currently have a maximum 
speed of revolution of 5000 rpm, which limits their specific 
power output to approximately 75 bhp per litre. 

The present invention provides: a two-stroke 
compression ignition internal combustion engine comprising: 

a cylinder with a cylinder axis, the cylinder 
formed as a bore in -a cylinder block and having a cylinder 
head; 

a piston reciprocating axially along the cylinder 
and defining with -the. cylinder a variable volume combustion 
chamber; 

injection means for injecting fuel into the 
variable volume combustion chamber; 

a transfer port in the cylinder bore which is 
covered and uncovered by the piston in a cyclical manner 
during reciprocation of the piston in the cylinder; 

exhaust valve means in the cylinder head; 
actuator means for controlling opening and closing 
of the cylinder head exhaust valve means ; 

an electronic controller controlling operation of 


the actuator means; and 

compressor means for compressing air for delivery 
to the combustion chamber as scavenge and charge air; 
■wherein in a two-stroke cycle of the engine: 

at commencement of an upstroke of the piston the 
transfer port is open to the combustion chamber and air 
compressed by the compressor means is delivered via the 
transfer port to the combustion chamber, in the upstroke the 
piston covers the transfer port and then the delivered air 
is compressed in the combustion chamber, during the upstroke 
fuel is injected into the combustion chamber by the 
injection means and the resulting fuel/air mixture in the 
combustion chamber is ignited by compression injection; and 
at commencement of a downstroke of the piston the 
combustion of the fuel /air mixture causes gases in the 
. combustion chamber to expand and force the piston 
downwardly, the controller operates the actuator means to 
open the cylinder head exhaust valve means to allow the 
combusted gases. to be exhausted from the combustion chamber 
and in the last part of the downstroke the transfer port is 
uncovered by the piston and air compressed by the compressor 
means is delivered via the transfer port to the combustion 
chamber to scavenge the combusted gases out of the 
combustion chamber via the open cylinder head exhaust valve 
means . 

\ The applicant has realised that a two -stroke operating 
regime is ideally suited to the use of compression ignition 
in a reciprocating piston internal combustion engine. 
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Operating a compression ignition engine with a two- 
stroke cycle offers a specific power output significantly 
higher than that of a four- stroke compression ignition 
engine ' (the theoretical output of the two-stroke engine 
5 could approach double that of the equivalent four- stroke 
engine). Also, .the compression ignition engine of the 
present invention solves the hydrocarbon emission problems 
typical with spark ignition two- stroke engines, in which 
fuel often passes directly from the transfer ports to the 

10 exhaust ports, and is exhausted without ignition in a 

combustion chamber. In the present invention' the cylinder 
head exhaust valve means is operated in timed relationship 
with the injection means so that injected fuel is not swept 
out of the combustion chamber via an open exhaust port. 

15 Also, preferably the injector is mounted in the cylinder 
head and so sprays away from the cylinder head exhaust 
ports . 


20 


The engine of the present invention uses uniflow 
scavenging rather than simple loop- scavenging or cross- 
scavenging. This is a more efficient process giving a 
better delivery ratio (i.e. volumetric efficiency) and in 
theory a higher maximum power output. The scavenge air is 
cooler than the exhaust gases and so introduction of the air 
2 5 into the combustion chamber via one or more transfer ports 
in the cylinder bore (rather than via cylinder head ports) 
avoids thermal distortion problems in the cylinder bore, the 
scavenge air having the effect of cooling the cylinder bore. 


30 


Preferred embodiments of the present invention will now 
be described with reference to the .accompanying drawings in 
which: • • 


Fig. 1 is a cross section through a two- stroke 
compression ignition reciprocating piston internal 
combustion engine according to the present invention; 

Fig. 2 is. a schematic illustration of a three -cylinder 
two-stoke compression ignition internal combustion engine 
according to the present invention arranged with a low 
pressure turbocharger and a high pressure turbocharger; 

Fig. 3 is a schematic illustration of a three-cylinder 
two-stroke compression ignition internal combustion engine 
according to the present invention with an electrically 
driven low pressure compressor and a turbocharger; 

Fig. 4 is a schematic illustration of a three -cylinder 
two-stroke compression ignition internal combustion engine 
according to the present invention having a low pressure 
turbocharger and a high pressure turbocharger; . 

Fig. 5 shows schematically how the Fig. 4 three -cylinder 

two-stroke compression ignition engine can be operated in a 

i 

manner which assists starting of the engine; 

Figure 6 shows schematically how the Figure 4 three - 
cylinder two-stroke compression ignition engine could be 
modified to provide ' for storage of compressed gas; and 

Figure 7 is a cross-section of the Figure 1 engine 
showing a variable angle vane mechanism which could be 
incorporated in the engine. 

There will now be described a number of variants of 
two-stroke compression ignition reciprocating piston 
internal combustion engines according to the present 
invention. All of the designs have common features. Each 
has a power target of 130 bhp and 260 Nm per 'litre, with a 
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mass of less than 165kg (not including the engine management 
system, catalyst or harness) . This would be achieved with a 
1.5 litre capacity, using three cylinders with a balancer 
shaft. The bore of "each cylinder would be 84mm with a" 
5 stroke of 90mm (498. 8cc per cylinder). The engines should 
be able to produce 195 bhp at 4000 rpm (14.6 bar BMEP) and 
390 Nm at 2000 rpm (16.4 bar BMEP) . They should have a 
maximum engine speed of 4750 rpm (14.3 m/s mean piston 
speed) . Diesel fuel will preferably be injected into the 

10 cylinders by direct injection using a common rail system. 

The fuel will be ignited by a homogeneous charge compression 
ignition ( f HCCI f ) process in some operating conditions of 
the engine and by usual compression ignition (also known as 
"diesel" ignition) in other operation conditions. The 

15 engines will preferably be formed with a monoblock 

construction with aluminium main castings, thus removing the 
need for a cylinder head gasket. 

.Fig. 1 shows in schematic form one cylinder of a three- 
20 cylinder two-stroke compression ignition engine according to 
the invention. The figure shows a piston 10 reciprocable in 
a cylinder defined in a cylinder bore 11, the cylinder and 
the piston together defining a variable volume combustion 
chamber 12. A ring of transfer ports is provided at the base 
25 of the cylinder bore.' The transfer ports need not be equi- 
spaced from each other, but could be clustered in e.g. two . 
groups. Two transfer ports 13, 14 are illustrated in Figure 
1. Four cylinder head exhaust valves are also provided. 
Two of these valves 15, 16 are shown in the figure. Each of 
3 0 the exhaust valves is connected to a hydraulic actuator. 


Separate actuators can be provided for each exhaust valve or 
for one actuator can operate a pair of exhaust valves. An 
actuator 17 is shown operating the exhaust valve 15 and an 
actuator 18 is shown operating the exhaust valve 16'. Each 
- of the exhaust valves 15, 16 are poppet valves provided in 
the cylinder head of the cylinder defined in the block 11. 

The actuator 17 is connected via an electrically 
controlled servo-valve 21 to a source of pressurised fluid 
19 and an exhaust for pressurised fluid 2 0 (typically a sump 
from which the source 19 draws fluid) . In a similar way the 
actuator 18 is connected via an electrically controlled 
servo-valve 22 to the source 19 and exhaust 20. Each of the 
electrically controlled servo-valves 21, 22 can control 
opening and closing of the exhaust valves 15, 16 by 
., controlling flow of hydraulic fluid to and from the chambers 
of the actuators 17, 18, in ct known manner. Preferably, the 
electrically controlled servo-valves 21, 22 will also be 
able to control the rate of flow of fluid to and from the 
actuators 17, 18 in order to control the speed of opening 
and closing of the exhaust valves 15, 16.' 

A common rail diesel injector 23 is placed centrally in 
the cylinder head, for the best combustion chamber geometry 
(as is known with existing four-stroke HSDI engines) . The 
injector 2 3 need not be part of a common rail system, but is 
preferably a high pressure multiple injection event 
injector. 

The servo-valves 21,22 and the injector 2 3 are 
. controlled by an. electronic controller 3 0 of an engine 
.management system. ' 
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Transfer ports (e.g. 13, 14) are angled in order to 
provide an angled delivery of charge air into the cylinder. 
In this way a very regimented, repeatable air motion can be 
set up in the cylinder, typically a 1 swirl 1 centred on the 
5 cylinder axis." This is vital for direct injection diesel 
combustion. Most four- stroke diesel engines suffer from 
compromises in the cylinder head architecture to achieve 
regimented repeatable air motion. This is not necessary in 
the engine of the present invention, because the correct 

10 transfer port slot angles can provide the necessary air 
flow, as will be described later. In a variant of the 
engine of the present invention shown in cross-section in 
Figure 7, the transfer ports are provided by two apertures, 
80, 81, having in each a plurality of vanes 82, 83, 84 and ,< 

15 85, 86, 87. The vanes are mounted on a ring 88 which has a V- 
toothed section 89. The toothed section 89 is engaged by a h 
gear 90 which' is driven by a stepper motor (not shown) under ^ 
control of the controller 30. The ring 88 can be rotated to , 
vary in orientation the vanes 82 to 8 7 and thus control 

20 swirl in the combustion chamber 12. The pressurised air is 
supplied via passages 91, 92 in the direction of the arrows 
shown, to aid swirl motion in the chamber 12 . 

To facilitate scavenging of the engine a forced 
25 induction system will be provided to pressurise charge air 
admitted to the cylinders. Various possibilities are 
possible and these are described later with reference to 

Figs . 2 to G . 

/ 

3 0 A two-stroke cycle of the piston and cylinder 

illustrated in Fig. 1 will now be described, starting with 
the piston 10 at its bottom dead centre (BDC) position. In 
this position the transfer ports (e.g. 13, 14) will be 
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uncovered by the piston 10 and pressurised charge air will 
be forced into the cylinder in order to scavenge from the 
cylinder previously combusted gases . The combusted gases 
will be scavenged to exhaust through cylinder head exhaust 
5 ports opened by the cylinder head exhaust valves (e.g. the 
poppet valves 15, 16). As the piston 10 moves upwardly.it 
will close the transfer ports, e.g. 13, 14. During the 
upstroke of the piston 10 the actuators 17, 18 will act to 
close the exhaust valves 15, 16. The air trapped in the 

10 variable volume combustion chamber 12 is then compressed by 
the continued upward motion of the piston 10. The trapped- 
air will have a significant -swirl component to its motion, 
this being occasioned by the angled nature of the transfer 
ports, e.g. 13, 14. Into the swirling trapped air diesel 

15 fuel is injected by the injector 23. The swirling air will 
ensure a good mixing of the diesel fuel with the charge air 
in the' combustion chamber 12 . The mixture of fuel and air 
can be combusted either through homogeneous charge 
compression ignition (HCCI) at part load conditions of the 

2 0 engine or through conventional combustion ignition (also 

known as "diesel" ignition) combustion in other operating 
conditions of the engine. The injector 23 will be a pulsed 
injector injecting fuel in pulses into the chamber 12. For 
HCCI the pulses will start early enough in the upstroke for 
25 the fuel and air to form a homogeneous mixture prior to 
ignition. 

In the downstroke of the piston the combusted fuel and 
air mixture will expand due to the combustion and force the 

3 0 piston 10 to move downwardly. In the later part of the 

downstroke of the piston 10 the actuators 17, 18 will be 
controlled to open the cylinder head exhaust valves, e.g. 
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15, 16 to allow the combusted gases to escape from the 
combustion chamber 12 to exhaust . The downwardly moving 
piston 10 will then uncover the transfer ports, e.g. 13, 14 
and pressurised charge air will be introduced into the 
5 combustion chamber 12 to scavenge from the chamber 12 the 
previously combusted gases to exhaust. 

The scavenging process in the engine is a uniflow ■ 
scavenging process. Uniflow scavenging gives a more 

10 efficient scavenging of a cylinder than simple loop- 
scavenging or cross -scavenging. It is advantageous that 
the fresh scavenge air is introduced through ports in a 
cylinder bore rather than through ports in a cylinder head. 
It is advantageous because the scavenge air is cooler than 

15 the exhaust gases and therefore thermal : distortion problems 
in the cylinder bore are - minimised . 

To assist HCCI combustion the controller 3 0 can close 
the exhaust valves e.g. 15, 16 early in an upstroke of the 

2 0 piston in order to trap combusted gases in the combustion 

chamber 12 . The trapped combusted gases advantageously 
inhibit the ignition of the fuel/air mixture ,to delay 
combustion. The amount of combusted gases trapped in the 
chamber 12 can be varied by varying closing of the valves 
25 15, 16 and thus the commencement of ignition controlled to a 
limited degree. However, HCCI is only possible on low and 
partV loads and at . high loads it will be necessary to run the 
engine using conventional compression ignition. 

3 0 As mentioned above, the charge air will need to be 


pressurised -by a forced induction system. The total 
backpressure at the exhaust valves , e.g. 15, 16, must be 
lower than the pressure of the pressurised charge air at the 
point that the transfer ports, e.g. 13", 14, are opened," or 
else the engine will not scavenge. It is envisaged that the 
total exhaust port pressure will be around 2.1 bar absolute 
and therefore the compressed charged air must be pressurised 
to 2.5 bar absolute. This calculation is based upon a 
requirement for boost of 1.1 - 1.3 bar gauge in order that 
the BMEP approaches the levels achievable in current four- 
stroke HSDI engines. These requirements raise issues for a 
forced induction system in a two- stroke engine which are not 
present in a four-stroke engine. In particular, it is 
unlikely for reasons of fuel economy that a diesel two- 
stroke will want to rely solely on a full -flow-operation 
supercharger. Furthermore, for a two- stroke engine there 
are problems faced on starting and at low engine speeds, 
when it is not easy to achieve the necessary pressure in the 
scavenge air by turbo - charging . Different solutions to 
these problems are now discussed with reference to the 
attached drawings. 

Fig. 2 shows schematically the three cylinder two- 
stroke compression ignition internal combustion engine 100 
according to the present invention, with a forced induction 
system comprising a low pressure stage having a turbo- 
charger 101 and a high pressure stage having a super-charger 
£102. ' In the figure three cylinders -103, 104 and. 105 are ' 
shown, each of which will be a cylinder as shown in Fig. 1. 
Each cylinder has a pair of exhaust valves "a" which control 


flow of exhaust gas via a passage 109 to a turbine of the 
low pressure turbocharger 101. Each cylinder also has a 
pair of exhaust valves "b" which control flow of exhaust gas 
to' a bypass passage 103. The bypass passage 103 allows 
exhaust gas to flow straight to atmosphere bypassing the low 
pressure turbocharger 101. 

The Fig. 2 engine works with charge air being drawn in 
via an air filter 104 into the compressor part of the low 
pressure turbocharger 101. The pressurised air then flows 
out via a passage 105 to a bypass valve 10 6 or to the 
compressor part of a high pressure supercharger 102. Then, 
the charge air pressurised in the high pressure supercharger 
102 flows out through the passage 107. The bypass valve 106 
could be controlled by the engine management , system to A 
control the amount of pressurised charge air flowing into ,« 
the compressor of the supercharger 102. Alternatively, it,- 
could be a simple mechanical pre-loaded valve which would , 
open at a defined pressure to limit the pressure of the 
scavenge air flowing as an input to the compressor of the 
supercharger 102. The bypass scavenge air and the 
pressurised air exiting the supercharger 102 are mixed 
before they flow through an intercooler 108 and then on to 
the cylinders 103, 104, 105. 

The engine management system controls the opening of 
the exhaust valves "a" and »b» in each cylinder to control 
the amount of pressurised exhaust gas flowing to the turbine 
of ' the low pressure turbo charger 101. A portion of the 
exhaust gas. is allowed to flow to the turbine of the turbo 
charger 101 and a portion is allowed to flow via the bypass 
.passage 103 directly to atmosphere. 
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It is envisaged that the supercharger 102 would 
typically be a Roots blower type supercharger. It could be a 
clutched supercharger so that it is operated only in certain 
engine operating conditions, under control of the controller 
30. 

A second variant of engine is shown in Fig. 3. Again 
an engine 2 00 is shown with three cylinders each of the .type 
shown in Fig. 1. Again, each cylinder has four cylinder 
head exhaust valves operated in pairs. Each cylinder has a 
pair of exhaust valves "a" connected to a first exhaust duct 
2 01 and each cylinder has a pair of exhaust valves "b" 
connected to a second exhaust duct 2 02 separate from the 
first exhaust duct 201. 

In the Fig. 3 engine fresh air is drawn in via a filter 
204 to be compressed by an electrically powered compressor 
205. The electrically powered compressor 205 is controlled 
by controller 30 to operate at low speeds of the engine 
and/or during starting, but does not operate otherwise. In 
other conditions a bypass valve 206' is opened to allow 
charge air to bypass the low pressure electrically driven 
compressor 205. 

Air exiting the low pressure compressor 2 05 or passing 
through the bypass valve 2 06 then "flows on to a high 
pressure turbocharger 2 07 to be compressed in the 
turbocharger and then output via a duct -2 0 8 to an 
intercooler 209 and then on to the transfer ports of the 
cylinders of the engine 200. 


Combusted gases can be exhausted from the cylinders 
210, 211, 212 either via the exhaust valves "a" or by the 
exhaust valves "b" . These valves are controlled by actuators 
controlled by an engine management system. The engine 
management system will control operation of the valves "a" 
and »b" to control what proportion of the exhaust gases flow 
through the exhaust duct 2 01 and what proportion flow 
through the exhaust duct 202. The exhaust gases flowing 
through the exhaust duct 2 01 flow to the turbine of the high 
pressure turbo charger 207, whilst the exhaust gases flowing 
through the exhaust duct 202 bypass the turbocharger 207 and 
flow directly to atmosphere. 

In Fig. 4 a third variant of forced induction system is 
shown, having a pair of turbochargers comprising a low 
pressure turbocharger 3 01 and a high pressure . turbocharger, 
302. The engine 300 shown in Fig. 4 is again of the same'.* 
type of the previously described engines, having three 
cylinders 303, 304 and 305 each having a first pair of 
exhaust cylinder head exhaust valves "a" connected to a 
first exhaust duct 3 06 and each having a second pair of 
cylinder head exhaust valves "b» connected to a second 
exhaust duct 3 07 independent and separate from the first 
exhaust duct 306. 

Air is drawn into the engine 3 00 via an air filter 3 08 
and .into the compressor part of the low pressure turbo 
charger 301. The pressurised charge air is output to a duct 
309 to pass either to a bypass valve 310 or to pass into the 
compressor part of a high pressure turbocharger 302. 
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The bypass valve 310 can be controlled electrically by the 
engine management system to control how much of the 
pressurised charge air flows through the high pressure 
turbocharger 302 and how much bypasses the turbocharger 302. 
Alternatively, the bypass valve 310 can be a simple 
mechanical valve which limits the pressure of the charge air 
flowing into the compressor of turbocharger 3 02. The charge 
air compressed by the turbocharger 3 02 combines with any 
bypass air and then passes into an intercooler 311 and then 
onto the engine 3 00 to be used as scavenge air and charge 
air. Combusted gases resulting from combustion in the 
cylinders 303, 304, 305 are output to the exhaust ducts 3 06, 
307 under the control of the cylinder head exhaust valves 
"a" and "b" in each cylinder, which are in turn operated by 

the hydraulic actuators described in Fig. 1, with the engine 

management system controlling operation of . the actuators to. 

control the proportion of exhaust gases flowing in ducts 3 06 

and the proportion flowing in ducts 307. 

The exhaust gases that are flowing in duct 3 06 pass to 
the turbine, section of the high pressure compressor 302. 
The exhaust gases in duct 3 07 flow to the turbine part of 
the low pressure turbocharger 301. The exhaust gases 
exiting the turbine part of the high pressure turbocharger 
are fed into the exhaust gases flowing in exhaust duct 3 07 
to then flow to the turbine part of the turbo charger 3 01. 

Exhaust gases flowing out of the . turbine part of turbo 

charger 3 01 . flow through the exh,aust, duct 312 to atmosphere. 

All of the exhaust gases flow through the turbine of 

turbocharger 3 01 
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Fig. 5 shows how the engine of Fig. 4 can be 
beneficially modified to assist starting of the engine. 
Since the engine illustrated has most components in common 
with the engine of Fig. 4 the same reference numerals have 
5 been used. The additional feature of the engine is the 

starting valve 320. This will be controlled by the engine 
management system. During engine starting the starting valve 
32 0 will be closed. Also the controller will vary the 
operation of the exhaust valves. By closing the valve 320 

10 and varying operation of the exhaust valves .the controller 
can arrange the engine to operate such that gas is 
compressed in each of the combustion chambers and then 
expelled via the exhaust valves "a". The expelled gas 
powers the high pressure turbocharger 3 02 and starts it 

15 spinning. The gas exhausted from the turbine of the 

turbocharger 3 02 is then fed back into the combustion 
chambers via the exhaust valves "b" . The gas that is feci"* 
back in is then pressurised again, let out by the exhaust 
valves "a" and the cycle is repeated. This enables the 

2 0 engine to work as a pneumatic pump to start the high 
pressure turbo charger 3 02 spinning rapidly prior to 
injection of fuel into the combustion chambers and starting 
of the engine. This is very beneficial, particularly since 
the recirculated air will be hotter than fresh charge air. 

2 5 Providing this facility removes the need for a supercharger 
or an electrically driven compressor, which would be 
typically chosen to assist starting of a compression 
ignition engine not having the fast start mode of operation 
illustrated, in Fig. 5. 
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Whilst the Fig. 5 arrangement for fast start operation 
systems is shown applied to the engine illustrated in Fig. 4 
it is possible that the engines of Fig. 2 or Fig. 3 could be 
arranged to provide fast start modes with the gases leaving 
the turbo chargers 101 and 207 recycled via the exhaust 
valves "b" into the combustion chambers for further 
compression . 

Figure 6 shows a further variant of the Figure 4 
engine. In this variant each cylinder has only one exhaust 
valve "a", but an additional type of exhaust valve "c" . 
The exhaust valves "a" and "b" will be operated as described 
before, save during engine braking and engine starting when 
the valve "c" may be used. The additional exhaust valves 
!I c" are connected via passages 601,602,603 to a storage tank 
6 04 for storing compressed . gases . The valves "c" are 
controlled during engine braking to allow compressed gases 
to flow from the cylinder to the storage tank 604. The 
valves "c" can then be opened when needed (e.g. on starting 
of the engine) to supply previously stored compressed gases 
to the cylinder, e.g. to expand in the cylinder and drive 
the pistons to reciprocate. 

The valves "c" are operated to allow flow of 
compressed gas to the storage tank 604 only when the tank 
is not already pressurised to its limit. The valves "c" 
allow flow of gas from the storage tank 604 to the cylinders 
only when the pressure ^in the storage tank 604 is 
sufficient. 


The use of actuators to open and close the poppet 
valves in the cylinders is very important. However, the 
achievement of poppet valve operation at two- stroke 
operation rates- is problematic. -Use of cams and tappets 
severely speed limits a two- stroke engine. By using 
hydraulic actuators the two- stroke engines proposed above 
will be able to handle higher operation speeds. They will 
not be limited by cycle speed in the same way that a 
conventional cam-base system is. Additionally, the use of 
actuators for the cylinder head exhaust valves can allow 
optimised expansion/blow down (for best thermal efficiency) 
and also can optimise HCCI operation (for minimum NOx output 
from the engine) . Furthermore, if required, the cylinder 
head exhaust ' valves can be operated to provide a wastegate 
function at full load, in the event that the charge air ;V 
supplied is excessively pressurised. The use of actuators 
therefore yields specific advantages in engine speed, HCC± 
operation of the engine, thermal efficiency, simplified 
start procedure and turbo charger boost control . Above 
hydraulic actuators are described but other actuators such 
as electro-magnetic actuators could be used. 

The use of poppet valves offers a solution which is 
mechanically sound and allows high cylinder gas loads. 
However, it is possible that other valves such as sleeve 
valves could be used instead of poppet valves,. 

In the 'embodiment of the engines shown in Figs. 4 and 5 
it is possible that the lower pressure turbo charger could 
be replaced" with an electrically-assisted turbocharger , 
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which is assisted by electrical power at low engine speeds 
or on starting, but is otherwise powered by the exhaust 
gases from the engine. An "electrically-assisted 
turbocharger could be used to- output electrical power at 
5 high engine . speeds . 


The turbochargers used could be fixed geometry or 
variable geometry ' turbochargers . 


CLAIMS 


1. A two-stroke compression ignition internal combustion 
engine compr i s ing : 

a cylinder with a cylinder axis, the cylinder 
formed as a bore in a cylinder block and having a cylinder 
head; 

i 

a piston reciprocating axially along the cylinder 
and defining with the cylinder a variable volume combustion 
chamber ; \ 

injection means for injecting fuel into the 

i 

variable volume combustion chamber; 

a transfer port in the cylinder bore which is 
covered and uncovered by the piston in a cyclical manner, 
during reciprocation of the piston in the cylinder; 

exhaust valve means in the cylinder head; - 

actuator means for controlling opening and closing 
of the cylinder head exhaust valve means; 

an electronic controller controlling operation of 
the actuator means; and 

compressor means for compressing air for delivery 
to the combustion chamber as scavenge and charge air; 
wherein in a two- stroke cycle of the engine: 

at commencement of an upstroke of the piston the 
transfer port is open to the combustion chamber and air 
compressed by the compressor means is delivered via the 
transfer port to the combustion chamber during the upstroke, 
in the upstroke the piston covers the transfer port and then 
the delivered air is compressed in the combustion chamber, 
during- the upstroke fuel is injected into the combustion 
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chamber by the injection means during the upstroke of the 
piston and. the resulting fuel/air mixture in the combustion 
chamber is ignited by compression injection; and 

at commencement a downstroke of the piston the 
5 combustion of the fuel/air mixture causes gases in the 
combustion chamber to expand and force the piston 
downwardly, then the controller operates the actuator means 
to open the cylinder head exhaust valve means to allow the 
combusted gases to be exhausted from the combustion chamber 
10 and in the last part of the downstroke the transfer port is 
uncovered by the piston and air compressed by the compressor 
means is delivered via the transfer port to the combustion 
chamber to scavenge the combusted gases out of the 
combustion chamber via the open cylinder head exhaust valve 
15 means. ; 

2. A two-stroke compression ignition internal combustion 
engine as claimed in claim 1, wherein the transfer port is 
angled to provide the delivered air with a swirl motion. 

20 

3. A two-stroke compression ignition internal combustion 
engine as claimed in claim 2, comprising a plurality of 
transfer ports arranged in a ring around the cylinder bore, 
each- covered and uncovered by the piston in a cyclical 

25 manner during reciprocation of the piston in the cylinder 
bore such that compressed air delivered therethrough has a 
swirl motion in the combustion chamber. 

£ • 

4. A two-stroke compression ignition internal combustion 

3 0 engine as claimed in any one of claims 1 to 3 wherein the or 
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each transfer port has at least one vane pivotal ly mounted 
in the engine and control means for pivoting the vane to 
vary the degree of ' swirl imparted to air passing through the 
or- each transfer port. 

5 

5. A two-stroke compression ignition internal combustion 
engine as claimed in any of the preceding claims wherein the 
injection means comprises a fuel injector positioned 
centrally in the cylinder head to deliver fuel along the 

10 cylinder axis. 

6. A two-stroke compression ignition internal combustion 
engine as claimed in any one of the preceding claims wherein 
the cylinder head exhaust valve means comprises a plurality 

15 of poppet valves. , 

7. A two-stroke compression ignition internal combustion 
engine as claimed in any one of the preceding claims wherein 
the exhaust valve means comprises at least one exhaust valve 

2 0 connected to a first exhaust duct and at least one exhaust 

valve connected to a second exhaust duct separate and 
independent from the first exhaust duct . 

8. A two-stroke compression ignition internal combustion 
25 engine as claimed in Claim 7 wherein: the compressor means 

comprises a turbocharger and the first exhaust duct is 
connected to the turbocharger so that the exhaust gases in 
the first exhaust duct drive the turbocharger to rotate; the 
second exhaust duct bypasses the turbocharger and relays the 

3 0 exhaust gases flowing therethrough to be exhausted without 
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10 


passing through the turbocharger ; and the controller 
controls operation of the actuator means to control what 
proportion of the combusted gases flow through the first 
. exhaust duct and. what proportion of the combusted gases flow 
through the second exhaust duct, the controller thereby 
controlling operation of the turbocharger. 

9. A two-stroke compression ignition internal combustion 
engine as claimed in Claim 8 wherein: the compressor means 
comprises additionally a supercharger; the turbocharger is a 
low pressure turbocharger which compresses intake air to a 
first pressure; and the supercharger is a high pressure 
supercharger which compresses the compressed air output by 
the turbocharger to a second pressure higher that the first 
15 pressure. 

10. A two-stroke compression ignition internal combustion 
engine as claimed in Claim 9 wherein the compressor means 
comprises additionally a bypass passage through which 

2 0 compressed air compressed by the turbocharger can bypass the 
supercharger; and bypass valve means controlling flow of 
compressed air through the bypass passage. 

11. A two-stroke compression ignition internal combustion 
25 engine as claimed in Claim 10 wherein the bypass valve is an 

electrically-controiled valve controlled by the electronic 
controller. 

-? 

12. A two-stroke compression ignition internal combustion 
3 0 engine as claimed in Claim 8 wherein the compressor means 

comprises additionally an electrically-driven compressor and 
the turbocharger is a high pressure turbocharger which ' 
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received compressed air compressed by the electrically- 
driven compressor and pressurises the air to a higher level. 

13. .A two-stroke compression ignition -internal combustion 
5 engine as claimed in Claim 12 wherein the compressor means 

compresses additionally a bypass passage through which air 
can bypass the electrically-driven compressor to flow 
directly to the turbocharger and a bypass valve controlling 
flow of air through the bypass passage. 

10 

14. A two-stroke compression ignition internal combustion 
engine as claimed in claim 13 wherein the controller 
controls operation of the bypass valve and the electrically- 
driven compressor such that the electrically-driven h 

15 compressor is operated only on starting the engine and/or.at 
low engine speeds and otherwise intake air bypasses the ;< 
electrically-driven compressor completely and is compressed 
only by the turbocharger. 

2 0 15. A two-stroke compression ignition internal combustion 
engine as claimed in claim 7 wherein: 

the compressor means comprises a low pressure 
turbocharger which compresses air to a first pressure and a 
high pressure turbocharger which compresses air compressed 

2 5 by the low pressure turbocharger to a second pressure higher 

than the first pressure; 

the first exhaust duct relays exhaust gas to the 
high pressure turbocharger to' drive the high pressure 
turbocharger to rotate and the second exhaust duct relays 

3 0 exhaust gas to the lower pressure turbocharger, bypassing' 

the high pressure turbocharger, to drive the low pressure 
turbocharger to rotate; and 


the controller controls operation of the actuator 
means to control what proportion of combusted gases flowing 
from the combustion chamber flow through the first exhaust 
duct and what proportion flow through the second exhaust 
duct, the controller thereby controlling operation of the 
high pressure and the low pressure turbochargers . 

16. A two-stroke compression ignition internal combustion 
engine as claimed in claim 15 wherein the expanded , exhaust 
gases leaving the high pressure turbocharger are fed into 
the second exhaust duct to be relayed to the low pressure 
turbocharger . 

17. A two-stroke compression ignition internal combustion 
engine as claimed in claim 15 or claim 16 wherein the 
compressor means comprises additionally a bypass passage 
through which air can bypass the high pressure turbocharger 
and a bypass valve controlling flow of air through the 
bypass passage. 

18. A two-stroke compression ignition internal combustion 
engine as claimed in claim 17 wherein the bypass valve is 
controlled by the controller. 

19. A two-stroke compression ignition internal combustion 
engine as claimed in any one of claims 8 to 18, wherein the 
compressor means comprises additionally an intercooler for 
cooling the compressor intake air prior to delivery of the 
air into the combustion chamber. 


! 
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20. A two- stroke compression ignition internal combustion 
engine as claimed in one of claims 8 to 18, which comprises 
additionally a starting valve controlled by the controller 
which can prevent flow of exhaust gases through the second 

5 exhaust duct during engine starting and wherein: 

exhaust gases leaving the turbocharger supplied by 
the first exhaust duct are fed into the second exhaust duct 
upstream of the starting valve; and 

the controller during starting of the engine 
10 operates to close the starting valve and to open and close 
the cylinder head exhaust valves so that compressed gases 
leaving the combustion chamber are relayed via the first 
exhaust duct to the turbocharger connected thereto to drive 
the said turbocharger and then are returned to the 
15 combustion chamber via the second exhaust duct to be 
compressed again in- the combustion chamber. 

21. A two-stroke compression ignition internal combustion 
engine as claimed in any one of claims 8 to 18 comprising 

2 0 additionally a storage tank, a storage tank passage leading 

from the cylinder to the storage tank and cylinder head 
storage tank valve means controlling flow of combusted gases 
to the storage tank from the cylinder and also flow of 
stored combusted gases from the storage tank to the 
25 cylinder, whereby combusted gases' compressed in the cylinder 
can be relayed to the storage tank for storage therein and 
forV later return to the cylinder for expansion therein. 

22. A two-stroke compression ignition internal combustion 

3 0 engine as claimed in any one of the preceding claims wherein 
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the injector means can inject fuel into the combustion 
chamber early enough in the upstroke for mixing of the fuel 
with the air to produce a homogeneous mixture which is then 
ignited by homogeneous charge compression ignition and 
wherein the injection means can alternatively inject fuel 
later in the upstroke for compression ignition in the 
combustion chamber. 

23. A two-stroke compression ignition internal combustion 
engine as claimed in claim 22 wherein in part load operating 
conditions of the engine the controller operates to close 
the cylinder head exhaust valve means during the upstroke of 
the piston in order to trap combusted gases in the 
combustion chamber, the trapped combusted gases forming a 
mixture with the fuel and air and serving to' delay ignition 
of the fuel and air mixture when the engine is operating 
with homogeneous charge compression ignition. 

24. A two-stroke compression ignition internal combustion 
engine substantially as hereinbefore described with 
reference to and as shown in the accompanying drawings. 
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